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Abstract

Introduction: Raised intraocular pressure (IOP) is
the principal modifiable risk factor for the development
and progression of glaucoma. Glaucoma is defined as
progressive optic neuropathy, based on visual field loss and/
or optic disc findings, is more likely to be associated with
elevated intraocular pressure (IOP), although IOP is not the
only risk factor for glaucomatous optic nerve damage. The
complex physiology involved in aqueous humor formation
and its maintenance indicates its dependence on other
systemic, physical, physiological and environmental factors,
thus effects IOP. The factors studied were age, gender,
systemic blood pressure (BP) and body mass index (BMI).

Material and method: A cross sectional hospital-
based study was conducted where 800 adults of varying
demographic profiles were included with their written and
informed consent taken. A detailed history from all the
patients including signs and symptoms of glaucoma was
taken, demographic and anthropometric details noted.
Ocular examination included visual acuity by Snellen’s
drum, refraction, intraocular pressure (IOP) by Goldman’s
applanation tonometer, gonioscopy using Zeiss four-
mirror lens, visual field changes seen by Humphrey field
analyzer (HFA) using 30-2 program (version 40), slit-lamp
examination, fundus evaluation by both direct and indirect
ophthalmoscopy, and 90D lens. The statistical analysis was
done using SPSS (Statistical Package for Social Sciences)
Version 15.0 statistical Analysis Software. The values were
represented in Number (%) and Mean + SD.

Results: Mean age of patients was 57.21 + 9.81 years. With
increasing age proportion of those with IOP up to 20 mmHg
showed a significant incremental trend. It was observed
that mean age of subjects having 20-24 mmHg |IOP was
minimum (54.17 + 9.26 years) followed by 16 - 20 mmHg
(56.77 + 9.61 years), 12 - 16 mmHg (58.50 £ 9.73 years), >
24 mmHg (60.20 + 10.92 years) and < 12 mmHg (61.56 +
7.54 years). Statistically, this difference was significant (p <
0.001). There was a weak and inverse significant correlation
between age and IOP (r =-0.075; p = 0.003). Majority of
subjects were females (50.5%). Proportion of those having
IOP in < 16 mm range was higher among males (45.7%) as

compared to that in females (35.7%). Statistically, this
difference was significant (p < 0.001). A weak positive and
significant correlation was observed between IOP and BMI.
Statistically, the difference in BMI of subjects in different
IOP categories was significant (p < 0.001). Difference
in mean IOP of normotensive (16.95 + 3.35 mmHg) and
hypertensives (17.11 + 3.53 mmHg) was not found to be
statistically significant. Mean SBP and DBP of subjects with
IOP < 12 mmHg, 20 - 24 mmHg and > 24 mmHg were found
to be significantly higher as compared to those with IOP 16
- 20 mmHg and 20 - 24 mmHag.

Conclusion: The present study shows the association
between age, gender, BMI and blood pressure, depicting
the multivariable of IOP. Thus, the measurement of |IOP
is essential in all the patients with variable demographic,
anthropometric, or systemic profile, thereby aiding in
evaluation and diagnosis of various forms of glaucoma.
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Introduction

Raised intraocular pressure (IOP) is the principal
modifiable risk factor for the development and
progression of glaucoma [1,2]. Glaucoma is defined
as progressive optic neuropathy, based on visual field
loss and/or optic disc findings. It is more likely to be
associated with elevated intraocular pressure (IOP),
although IOP is not the only risk factor for glaucomatous
optic nerve damage [3], for it definitely is the principle
modifiable risk factor for the development and
progression of glaucoma.

IOP is generated by the flow of aqueous humor
against resistance and is necessary for the proper shape
and optical properties of the globe [4]. Regulation of
IOP is a complex physiologic trait that depends on
the production of aqueous humor (AH), resistance to
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aqueous humor outflow, and episcleral venous pressure
[5]. The intraocular pressure (IOP) is the hydrostatic
pressure exerted by the AH.

The complex physiology involved in aqueous
humor formation and its maintenance indicates its
dependence on various systemic, physical, physiological
and environmental factors. IOP is the outcome of
a multivariate relationship of different systemic,
biometric, biological and environmental factors, in
which these factors might have varying role with
variable weight, moreover, some of these factors are
mutually interrelated and as such their relationship with
IOP is confounded by interplay of these factors.

Material and Method

Acrosssectional hospital-based study was conducted,
where 800 healthy adults of varying demographic
profiles were included with their written and informed
consent taken.

Patients excluded from the study were those having
phthisis bulbi, uveitis, pterygium involving cornea,
corneal opacity, previously diagnosed glaucoma, history
of any medications effecting IOP, moderate to severe
strabismus, difficulties in measuring IOP, history of
intraocular surgeries including laser iridotomy, history
of ocular trauma.

A detailed ocular and systemic history from all the
patients including signs and symptoms of glaucoma was
taken. The demographic and anthropometric details
were also noted. BMI was calculated using the formula
weight in kilograms divided by the square of the height
in metres (kg/m?) and categories as Underweight (<
18.5) Normal (18.5 - 24.9) Overweight (25.0 - 29.9)
Obese (> 30) [6].

Ocular examination included visual acuity by
Snellen’s drum, refraction, intraocular pressure (IOP)
by Goldman’s applanation tonometer, gonioscopy
using Zeiss four-mirror lens, visual field changes seen by
Humphrey field analyzer (HFA) using 30 - 32 program
(version 40), slit-lamp examination, fundus evaluation
by both direct and indirect ophthalmoscopy, and
90D lens. Systemic blood pressure was recorded by
sphygmomanometer and hypertensives identified by
criteria of JMC-7 (2003), as a persistent elevation of
blood pressure > 140/90 mmHg.

The statistical analysis was done using SPSS (Statistical
Package for Social Sciences) Version 15.0 statistical
Analysis Software. The values were represented in
Number (%) and Mean % SD. To test the significance of
the means the student ‘t’ test was used. The ANOVA
test was used to compare the within group and
between group variability amongst the study groups.
ANOVA provided “F” ratio, where a higher “F” value
depicted a higher inter-group difference. The Pearson
coefficient was found to denote the level of correlation
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Table 1: Age and Gender profile of study population (n = 800).

SN Characteristic Statistic
1. |Mean Age = SD (Range) in years 57.21 £ 9.81 (26-85)

2. |Gender No. %
Male 396 49.5
Female 404 50.5

3. BMI (kg/m?)

Underweight (< 18.5) 15 1.9
Normal (18.5 - 24.9) 472 59.0
Overweight (25.0 - 29.9) 248 31.0

Obese (= 30) 65 8.1
4. Blood pressure

Normotensive (< 90/140) 665 83.1
Hypertensive (> 90/140) 135 16.9
5. IOP (mmHg) (n =1600)
<12 9 0.6
12-16 642 40.1
16 - 20 706 441
20-24 183 11.4
> 24 60 3.8

between two variables with r < 0.3 showing weak or no
correlation, r = 0.3 to 0.5 mild correlation, r = 0.5 to 0.7
moderate correlation, r = 0.7 to 0.9 Strong correlation
and r > 0.9 very strong to perfect correlation.

Results

A total of 800 patients falling into the sampling
frame were studied. The age of patients ranged from 26
to 85 years with a mean age of 57.21 + 9.81 years. The
male female ratio was 0.98. Majority of patients were
in normal BMI category (59%) followed by overweight
(31%), obese (8.1%) and underweight (1.9%) category.
16.9% patients were hypertensive, and rest were
normotensive (83.1) (Table 1).

With increasing age, the proportion of those with IOP
up to 20 mmHg showed a significant increasing trend.
The mean IOP of those aged 41 - 60 years was minimum
(16.92 + 3.22 mmHg) followed by those aged > 60 years
(16.98 £3.65 mmHg) and <40years (17.68 £ 3.30 mmHg)
respectively. Statistically, difference in mean IOP among
different age groups was not significant (p = 0.141). The
mean age of subjects in different IOP categories showed
aninverted hyperbolic trend. It was observed that mean
age of subjects having 20 - 24 mmHg IOP was minimum
(54.17 £ 9.26 years) followed by 16 - 20 mmHg (56.77
+ 9.61 years), 12 - 16 mmHg (58.50 + 9.73 years), > 24
mmHg (60.20 + 10.92 years) and < 12 mmHg (61.56 +
7.54 years). Statistically, this difference was significant
(p < 0.001). Pearson correlation showed a weak and
inverse significant correlation between age and IOP (r =
-0.075; p = 0.003) (Table 2).

The association between gender and IOP was
studied and we found that proportion of those having
IOP in £ 16 mm range was higher among males (45.7%)
as compared to females (35.7%). Statistically, this
difference was significant (p <0.001). Although mean IOP
of males was lower (16.91 + 3.55 mmHg) as compared
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Table 2: Association between Age and IOP.
A) Age Category and IOP Category.

SN Age Category No. <12 mmHg (n=9) 12-16 mmHg 16-20 mmHg 20 - 24 mmHg (n = 183) > 24 mmHg (n = 60)
(642) (n =706)
No. % No. % No. % No. % No. %
1. <40years 8 0 0.0 29 345 33 393 20 23.8 2 24
2. |41-60years 968 4 0.4 384 39.7 422 436 133 13.7 25 2.6
3. >60years 548 5 0.9 229 41.8 251 4538 30 5.5 33 6.0

X 2=48.235; p < 0.001.
B) Age Category and Mean IOP.

SN Age Category No. of cases IOP

Mean SD
1. <40 years 84 17.68 3.30
2. 41 - 60 years 968 16.92 3.22
3. > 60 years 548 16.98 3.65
F=1.959; p=0.141 (ANOVA).
C) IOP Category and Mean Age.
SN IOP Category No. of cases Age

Mean SD
1. <12 mmHg 9 61.56 7.54
2. 12 - 16 mmHg 642 58.50 9.73
3. 16 - 20 mmHg 706 56.77 9.61
4. 20 - 24 mmHg 183 53.17 9.26
5. > 24 mmHg 60 60.20 10.92
F=13.125; p < 0.001.
D) Correlation (Pearson correlation).
\Variable r ‘P’
Age vs IOP -0.075 0.003 |

There was a weak and inverse significant correlation between age and IOP (r = -0.075; p = 0.003).

Table 3: Association between Gender and IOP.
(a) Gender and IOP Category.

SN Gender No. <12 mmHg (n=9) 12 -16 mmHg (642) 16 - 20 mmHg (n =706) 20 - 24 mmHg > 24 mmHg (n = 60)
(n =183)
No. % No. % No. % No. % No. %
1. Male 792 4 0.5 358 45.2 289 36.5 112 141 129 3.7
2. Female 808 5 0.6 284 35.1 417 51.6 71 8.8 31 3.8
X2=40.944; p < 0.001 (Chi-square test).
(b) Gender and Mean IOP.
SN Gender No. of cases 10P
Mean SD
1. Male 792 16.91 3.55
2. Female 808 17.05 3.21

T =-0.835; p = 0.404 (Independent samples ‘t-test).

to females (17.05 + 3.21 mmHg) yet this difference was
not significant statistically (p = 0.404) (Table 3).

When association between BMI and IOP was
evaluated, we found that among underweight patients
IOP ranged between 12 - 16 mmHg in most of them
(66.7%) and 16 - 20 mmHg among normal weight
(46.7%), overweight (40.9%) and obese (47.7%) patients.
Statistically, these proportional differences were
significant (p < 0.001). Mean IOP values of underweight,
normal weight, overweight and obese subjects were
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16.60 + 2.88 mmHg, 16.61 + 2.89 mmHg, 17.29 + 3.67
mmHg and 18.53 + 4.82 mmHg respectively, thus
showing an increasing IOP trend with increasing BMI of
patients (p < 0.001). Mean BMI of subjects having IOP
< 12 mmHg to 20 - 24 mmHg ranged from 23.89 + 2.10
kg/m? to 24.74 + 3.30 kg/m?, however, mean BMI of
those having I0P > 24 mmHg was 27.90 + 4.02 kg/m?.
Statistically, the difference in BMI of subjects in different
IOP categories was significant (p < 0.001) (Table 4). A
weak and significant correlation was observed between
IOP and BMI (r = 0.173, p < 0.001).
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Table 4: Association between BMI and IOP.

(a) BMI and IOP Category.

SN BMI (kg/m?) No. <12mmHg 12-16 mmHg |16 -20 mmHg 20 - 24 mmHg > 24 mmHg (n = 60)

(n=9) (642) (n =706) (n =183)

No. % No. % No. % No. % No. %
1. Underweight (< 18.5) |30 0 0.0 20 66.7 0 0.0 10 33.3 0 0.0
2. Normal 944 6 0.6 386 40.9 441 46.7 99 10.5 12 1.3

(18.5-24.9)
3. Overweight (25.0 - 496 3 0.6 198 39.9 203 409 62 12.5 30 6.0
29.9)
4, Obese (= 30) 130 0 0.0 38 292 62 477 12 9.2 18 13.8
X2=99.74; p < 0.001 (Chi-square test).
(b) BMI and Mean IOP.
SN BMI (kg/m?) No. of cases IoP
Mean SD
1. Underweight (< 18.5) 30 16.60 2.88
2. Normal (18.5 - 24.9) 944 16.61 2.89
3. Overweight (25.0 - 29.9) 496 17.29 3.67
4. Obese (= 30) 130 18.53 4.82
F=14.75; p < 0.001 (ANOVA).
(c) C) IOP and Mean BMI.
SN IOP Category No. of cases BMI
Mean SD

1. <12 mmHg 9 23.89 2.10
2. 12 - 16 mmHg 642 2412 3.30
3. 16 - 20 mmHg 706 24.74 3.51
4, 20 - 24 mmHg 183 24.33 3.89
5. > 24 mmHg 60 27.90 4.02
F =33.86; p < 0.001 (ANOVA).
(d) Correlation (Pearson correlation).
\Variable R ‘P’ \
BMI vs. IOP 0.173 < 0.001 |

In this study majority of the patients were
normotensive (83.1%). In both the blood pressure
categories, maximum had IOP in 16 - 20 mmHg range
with no significant association between IOP and
blood pressure status. The mean IOP of normotensive
subjects was lower (16.95 + 3.95 mmHg) as compared
to that of hypertensive subjects (17.11 + 3.53 mmHg),
however, this difference also was not found to be
significant statistically (p = 0.469). Mean systolic blood
pressure was minimum among those having IOP 12 - 16
mm (127.74 + 14.00 mmHg) followed by 16-20 mmHg
(128.03 + 4.08), 20-24 mmHg (131.45 + 11.77 mmHg),
> 24 mmHg (132.43 + 12.75 mmHg) and < 12 mmHg
(134.22 + 15.92 mmHg) respectively. Statistically,
difference in systolic blood pressure among different
IOP categories was significant (p = 0.001).

In both the blood pressure categories, maximum had
IOPin 16 - 20 mmHg range followed by 12 - 16 mmHg, 20
- 24 mmHg, > 24 mmHg and < 12 mmHg category. Statis-
tically, there was no significant association between |IOP
category and blood pressure status (p = 0.089).

Mean diastolic blood pressure was minimum among
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those having IOP 16 - 20 mm (80.61 + 8.78 mmHg)
followed by 20 - 24 mmHg (81.20 + 8.96 mmHg), 12 -
16 mmHg (81.63 + 7.70 mmHg), < 12 mmHg (82.67 +
6.56 mmHg) and > 24 mmHg (85.13 + 10.44 mmHg)
respectively. Statistically, difference in diastolic blood
pressure among different IOP categories was significant
(p = 0.001). There was a weak positive and significant
correlation between SBP and IOP (r = 0.057; p = 0.022).
The correlation between DBP and IOP was weak positive
and statistically non-significant (r = 0.027; p = 0.327)
(Table 5).

In a multivariate model where IOP (> 16 mmHg) was
projected as a dependent variable with age, gender,
systolic blood pressure, diastolic blood pressure as
independent variables, gender, systolic blood pressure
and BMI showed a significant association with the
outcome IOP (Table 6).

Discussion

Despite a definitive role in causation of ocular ail-
ments, the exact pathophysiology and factors affecting
the intraocular pressure is not clearly understood.
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Table 5: Association between Blood Pressure and IOP.

(a) BP and IOP Category.

SN Blood Pressure No. <12mmHg(n=9) 12-16 mmHg 16 -20 mmHg 20 -24 mmHg > 24 mmHg (n = 60)
Status (642) (n =706) (n=183)
No. % No. % No. % No. % No. %
1. Normotensive 1330 6 0.5 545 41.0 580 43.6 |155 11.7 44 3.3
2. Hypertensive 270 3 1.1 97 35.9 126 46.7 |28 104 16 5.9
X2=8.065; p = 0.089 (Chi-square test).
(b) BP and Mean I0P.
SN Blood Pressure No. of cases IOP
Mean SD

1. Normotensive 1330 16.95 3.35
2. Hypertensive 270 17.11 3.53
T =-0.725; p = 0.469 (Independent samples‘t-test).
(c) IOP and Mean Blood pressure.
SN IOP Category No. of cases SBP DBP

Mean SD Mean SD
1. <12 mmHg 9 134.22 15.92 82.67 6.56
2. 12 - 16 mmHg 642 127.74 14.00 81.63 7.70
3. 16 - 20 mmHg 706 128.03 14.08 80.61 8.78
4. 20 - 24 mmHg 183 131.45 11.77 81.20 8.96
5. > 24 mmHg 60 132.43 12.75 85.13 10.44
F (ANOVA) 4.419 4.582
P’ 0.001 0.001
(d) Correlation (Pearson correlation).
Variable R ‘P’
SBP vs. IOP 0.057 0.022
DBP vs. IOP 0.027 0.327

Table 6: Multivariate Regression.
B S.E. Wald Df Sig. Exp (B)

Age -0.027 0.006 22.817 1 0.000 0.974
Gender 0.354 0.107 10.993 1 0.001 1.425
SBP 0.018 0.005 14.023 1 0.000 1.018
DBP -0.020 0.008 6.910 1 0.009 0.980
BMI 0.063 0.016 15.982 1 0.000 1.065
Constant -1.103 1.050 1.104 1 0.293 0.332

In our study a total of 800 healthy individuals falling
in sampling frame were included in the assessment.
Age of patients in the study sample ranged from 26
to 85 years of age, with a mean age of 57.21 years.
Male:female ratio was 0.98 and was predominantly
having normal BMI (59%), however, a large proportion
(39.1%) of our study population was overweight and
obese. There were 135 (16.9%) hypertensives and 665
(83.1%) were normotensives.

In present study, although with increasing age pro-
portion of those with IOP up to 20 mmHg showed a sig-
nificant increasing trend, on evaluating the mean IOP in
different age groups, the difference was not found to
be significant. However, on evaluating the mean age
of patients a non-linear and yet statistically significant
association with increasing IOP values was observed.
Strangely, the mean age of those having IOP in 20 - 24
mmHg range was minimum (53.17 years) as compared
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to other IOP categories for which the mean age varied
from 56.77 to 61.56 years. On evaluating the linear cor-
relation between age and IOP, it was found to be weak
inverse but statistically significant. All these findings
suggested a complex relationship between IOP an age.
The existence of a significant association on evaluating
categorically but lacking consistency when evaluated
for linearity shows that the relationship between IOP
and age is confounded and requires further exploration.
The findings of present study are similar to the obser-
vations made by Wong, et al. (2009) [7] who observed
that IOP increased with age to the sixth decade, after
which a decrease in IOP is seen resulting in an inverted
U pattern. In present study, we also observed a similar
non-linear relationship between IOP and age. However,
Tomoyose, et al. [8] in their study showed that higher
IOP was significantly correlated with younger age (r =
-0.11; p < 0.001). Although, in present study, we found
a similar inverse correlation between age and IOP (r =
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-0.071; p <0.001) yet we considered it to have negligible
impact.

In present study, we found a significant association
between gender and IOP on categorical evaluation and
found that proportion of those having IOP in £ 16 mm
range was higher among males (45.7%) as compared
to that in females (35.7%). However, on evaluating the
mean IOP of males and females, this difference was not
found to be significant. Similar to our study, a number of
other workers have also found no significant difference
in mean IOP of males and females [8]. In their study,
Zainab, et al. [9] noted an interesting relationship
between IOP, BMI and gender. They observed that a
change of 1 kg/m?in BMI corresponded with a change in
IOP by 0.23 mmHg in males and 0.14 mmHg in females,
thus showing that the relationship between IOP and
gender is affected by BMI.

In present study, we found that lower I0OPs were
associated with lower BMI and in underweight to obese
BMI categories there was a significantly increasing trend
of mean |OP of patients. The correlation was thus linear,
positive and significant. The relationship between BMI
and IOP has been extensively explored and most of
the studies similar to our study confirm existence of a
significant relationship between BMI and IOP [8-12].

The present study also enquired into the relationship
between IOP and blood pressure. In present study, no
significant impact of hypertension on IOP was observed.
However, when evaluated independently both systolic
blood pressure and diastolic blood pressure showed
a significant association with I0OP levels. IOP also had
a weak positive but statistically significant correlation
with systolic blood pressure. The relationship between
blood pressure and intraocular pressure was analyzed in
a prospective study by Wu, et al. [13], who in population
of 2298 individuals of African descent prospectively
evaluated blood pressure changes and IOP changes
over a period of 9 years and found hypertension, and
higher systolic and diastolic blood pressure at baseline
were associated with increase in I0P after 9 years. The
present study varied from the cited study as it was only
a cross-sectional study and made evaluation at one
time only. As far as independent association of systolic
and diastolic blood pressure is concerned, a number
of previous studies have supported this relationship.
Wong, et al. [7] in a cross-sectional study like ours,
found SBP as a significant determinant of IOP. In
younger persons 40 to 59 years of age, both CCT and
sBP were significant determinants of IOP (P < 0.001 for
both), but in older persons (60 to 80 years), age and sBP,
but not CCT, were significant determinants of IOP (P =
0.001 for age, P < 0.001 for sBP). Similarly, Tomosyose,
et al. [8] also found that higher SBP was associated
with higher IOP. In present study, a significant weak
positive correlation between IOP and SBP levels was
observed (r = 0.057; p = 0.022), however, Ngo, et al.
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[14] in their study reported it to be even stronger (r
= 0.36; p = 0.043). In present study, we also observed
the association between mean IOP and diastolic blood
pressure but did not find this relationship linear. On
calculating the Pearson correlation coefficient, it was
found to be weakly positive and statistically non-
significant (r = 0.027; p = 0.327). On evaluating the
literature reviewed by us, we found only a single study
that has shown the role of diastolic blood pressure
in determination of IOP change [13]. In multivariate
analyses, IOP changes were positively associated with
male sex, hypertension, diabetes history, and higher
systolic and diastolic blood pressure at baseline, as
well as with increases in blood pressure throughout 9
years (P.05). The evidence for a positive relationship
between DBP and IOP is contradictory. Higher DBP was
associated with elevated IOP, however the association
was not as strong as between SBP and elevated IOP
[15]. On multivariate analysis the correlation between
SBP and IOP continued to be strong, whereas the
correlation between DBP and IOP weakened to 0.09%.
In contrast to this study, BLSA and the Japanese studies
have demonstrated no apparent correlation between
DBP and IOP [16-18]. Therefore, it can be stated that the
association between DBP and IOP is not substantiated
and needs further evaluation.

The present study had an extensive coverage of
variables that might affect IOP. In order to elaborate
the role of independent factors associated with IOP,
we carried out a multivariate analysis. In a multivariate
model where I0P (> 16 mmHg) was projected as a
dependent variable with age, gender, systolic blood
pressure, diastolic blood pressure, BMI as independent
variables, gender, systolic blood pressure and BMI
showed a significant association with the outcome IOP.

In different multivariate models projected in previous
works different independent predictors have emerged
as predictors of IOP. Tomoyose, et al. [8] projected a
model that had younger age, higher SBP, higher BMI, his-
tory of diabetes mellitus, as the predictors of higher IOP.
However, out of these, in present study, systolic blood
pressure, BMI emerged as the significant predictors of
IOP. Kim, et al. [19] in their multivariate assessment
found higher IOP to be associated with male sex, higher
myopic refractive error, higher body mass index, higher
systolic blood pressure, higher fasting plasma glucose
and higher total cholesterol. In present study we did not
make an assessment of cholesterol levels, refractive er-
ror, blood sugar levels. Despite this dissimilarity, the two
significant predictors in the present study, SBP and BMI,
were found to be predictors of higher IOP in their study.
Hashemi, et al. [11] in their multivariate model had sex,
diabetes, SBP, BMI, education, CCT and myopic shift to
be significant independent predictors of IOP. Of all these
significant predictors SBP and BMI were observed to be
significant predictors of 10P.
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Conclusion

The findings of present study have depicted the
multivariable of IOP and its variable relationship with
various systemic risk factors. Thus, the measurement
of IOP is essential in all the patients with variable
demographic, anthropometric, or systemic profile.
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